Abstract: Background and objectives: Idiopathic pulmonary fibrosis (IPF) has a particularly poor prognosis, and most IPF-related deaths are due to acute exacerbation (AE) of this condition. Few reports about biomarkers to predict prognosis of AE-IPF have been published since the release of the new AE-IPF criteria in 2016. The present study investigated relationships between serological markers and in-hospital mortality after the onset of AE-IPF. Methods: Demographic, serological, and imaging data from patients hospitalized at the Maebashi Red Cross Hospital (Gunma, Japan) between 1 January 2013, and 31 December 2017, were retrospectively reviewed. Subjects fulfilling the diagnostic criteria for AE-IPF were divided into those who survived or died; statistical analysis of risk factors was performed using data from these two groups. Results: Diagnostic criteria for AE-IPF were fulfilled by 84 patients (59 males (70.2%)), with a median age of 78 years (range, 56-95 years). IPF was diagnosed before hospitalization in 50 (59.5%) patients and 38 (45.2%) died in hospital. Among the serological markers at hospitalization in the deceased group, C-reactive protein (CRP) was significantly higher than in the survivor group (p = 0.002), while total serum protein (p = 0.031), albumin (p = 0.047) and total cholesterol (p = 0.039) were significantly lower. Cox hazard analysis of factors predicting mortality, corrected for age, sex and BMI, revealed the following: CRP (hazard ratio (HR) 1.080 (95% confidence interval (CI) 1.022-1.141); p = 0.006), LDH (HR 1.003 (95% CI 1.000-1.006); p = 0.037), and total cholesterol (HR 0.985 (95% CI 0.972-0.997); p = 0.018). Conclusions: Our data suggest that CRP, LDH, and total cholesterol may be biomarkers predicting mortality in patients with AE-IPF. However, only prospective controlled studies can confirm or not our observation as a generalizable one.
Introduction
Among the different types of idiopathic interstitial pneumonias, idiopathic pulmonary fibrosis (IPF) has an especially poor prognosis. Acute exacerbation (AE) is the cause of most IPF-associated deaths: the mortality rate among patients with IPF increases to 40-80% once AE has occurred [1] [2] [3] . Risk factors reported to be associated with death due to AE-IPF include low diffusing capacity of lungs for carbon monoxide, low forced vital capacity, smoking [4] , elevated KL-6 levels, elevated high-resolution computed tomography score [5] , low ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (PaO 2 /FiO 2 ) [6] , and being over 60 years old [7] . There have been reports that pirfenidone administration before exacerbation [7] , and recombinant thrombomodulin administration at the time of AE reduced the mortality rate [6] ; however, no dramatic reduction in mortality has been achieved.
There have been numerous studies investigating the relationships between imaging and physiology tests and AE-IPF; however, reports describing the relationships between serological markers and AE-IPF have addressed only KL-6 and a small number of other markers. In addition, the number of published reports relating to the most recent AE-IPF diagnostic criteria, released in 2016 [8] , is limited.
The present study was a retrospective investigation of the relationships between serological/physiological markers and the onset of AE-IPF defined by the most recent diagnostic criteria [8] , and an evaluation of factors related to mortality.
Materials and Methods

Subjects
The present investigation was a single-center, retrospective study. Patients who were hospitalized at Maebashi Red Cross Hospital (Gunma Prefecture, Japan) between 1 January 2013, and 31 December 2017, were evaluated; those who fulfilled the diagnostic criteria for AE-IPF were included in the study. All participants in this study were confirmed to have met the 2016 AE-IPF diagnostic criteria at the enrollment of this study. We diagnosed IPF with a multidisciplinary approach. At least two respiratory specialists and a radiology specialist discussed and reviewed subjects. A histologist was also consulted when histological data were obtained.
The AE-IPF diagnostic criteria, as described by Collard et al. in 2016 [8] , were indicators of acute and clinically significant deterioration in respiratory condition that characterizes new extensive alveolar opacity, with subjects required to fulfill the following criteria: IPF was diagnosed at the time of AE or had been diagnosed previously; acute progression of dyspnea had occurred within the previous month; high-resolution computed tomography revealed signs to be consistent with the usual interstitial pneumonia pattern, in addition to new ground-glass and/or infiltrative opacities; deterioration that could not be explained solely on the basis of heart failure or excess fluid had accumulated. The usual treatment methods for AE-IPF were pulse intravenous methylprednisolone and high-dose corticosteroid [9, 10] . All subjects in the present study were treated by either method after diagnosis.
This study was reviewed and approved by the Ethics Committee of Maebashi Red Cross Hospital on 12 July 2018 (acceptance no. 30-19).
Clinical Assessment
The following data were obtained from medical records: demographic information (age at hospitalization, sex, height, body weight); sociological information (medical history, smoking status, alcohol consumption status); IPF treatment before admission; treatment in hospital; serological test results in hospitalization; arterial blood gas analysis results; imaging results; and treatment progression. Body mass index (BMI) and body surface area were calculated from data. PaO 2 /FiO 2 and alveolar-arterial oxygen difference (AaDO 2 ) were calculated from arterial blood gas analysis results. In addition, the duration of hospitalization, and whether death occurred while in hospital, were obtained from the medical records.
Statistical Analysis
Statistical analysis was performed using R version 3.4.1 and EZR version 1.37. Continuous variables were analyzed and compared using the Mann-Whitney-U test and expressed as median (maximum and minimum). Nominal variables were analyzed and compared using the Fisher's exact test and expressed as numbers and ratios; p < 0.05 was considered to be statistically significant.
Cox hazard analysis was performed, and corresponding hazard ratio (HR) and 95% confidence interval (CI) were calculated. For parameters that demonstrated significant differences, factors previously demonstrated to be correlated with AE-IPF mortality were included. Receiver operating characteristic analysis was performed using continuous variables that were judged to be significant factors, and cut-off values were calculated.
Results
Of the patients who were hospitalized at the Maebashi Red Cross Hospital between 1 January 2013, and 31 December 2017, consecutive 84 patients met the diagnostic criteria for AE-IPF and were included in the present study ( Table 1 ). The median age was 78 years (range, 56-95 years), 59 (70.2%) subjects were male, and 50 (59.5%) were diagnosed with IPF before hospitalization. Of the subjects who were diagnosed with IPF before hospitalization, 4 (8%) were administered antifibrotic agents and 13 (26%) were administered systemic corticosteroids, whereas 33 (66%) were not treated for IPF. The median duration of hospitalization was 25 days (range, 2-113 days), and 38 (45.2%) subjects died in hospital. Extracorporeal membrane oxygenation was not performed in any subjects. The subjects were divided into two groups: those who died (deceased); and those who survived (survivor). Statistical analysis was performed using data from these groups. As shown in Table 2 , there were no significant differences between the groups in sex, age, or BMI, or in whether the subjects smoked or consumed alcohol. The proportion of subjects in whom home oxygen therapy was prescribed before AE-IPF tended to be lower in the deceased group (5 (13.2%) versus 14 (30.4%), respectively); however, the difference was not statistically significant (p = 0.071). No differences in the history of diabetes, dyslipidemia, myocardial infarction, cerebral infarction, malignant tumors, or bronchial asthma were found between the deceased and survivor groups. Regarding serological markers at hospitalization, c-reactive protein (CRP, mg/dL) was significantly higher in the deceased group (11.57 (95% CI 0.77 to 27.73) versus 6.69 (95% CI 0.1-21.84); p = 0.002), and serum total protein (TP, g/dL), albumin (Alb, g/dL), and total cholesterol (T-chol, mg/dL) were significantly lower (6.5 .7)); however, the difference was not significant (p = 0.067). No significant differences in KL-6 or surfactant protein D (SP-D) were found. Arterial blood gas analysis revealed no significant differences in PaO 2 /FiO 2 ratio or AaDO 2 . No significant differences between the groups were found in the number of subjects who were admitted to the intensive care unit, or in whom tracheal intubation or nasal high-flow therapy were performed. The number of subjects in whom non-invasive positive-pressure ventilation was performed tended to be higher in the deceased group (8 (21.1%) versus 3 (6.5%)); however, the difference was not significant (p = 0.059). No significant differences were found in the number of subjects who underwent steroid pulse therapy, cyclophosphamide pulse therapy, or recombinant thrombomodulin administration. The number of subjects administered sivelestat was significantly higher in the deceased group (7 (18.4%) versus 1 (2.2%); p = 0.02). We confirmed the presence or absence of malignant tumor from medical records. Fifteen and nine patients had malignancies as comorbidities and past tumors, respectively. The most frequent comorbid/past tumor was lung cancer, which was observed in 11 patients.
Along with data obtained from the pulmonary function test (Table 3) , no significant differences were found between the deceased and survivor groups of patients who were diagnosed with AE-IPF before hospitalization. Serological markers that were shown in the Mann-Whitney test to be p < 0.05 (CRP, Alb, and T-chol), and KL-6 and lactate dehydrogenase (LDH), which were already known to be correlated with mortality, were corrected for age, sex, and BMI, and Cox hazard analysis was performed (Table 4) . From the point of the collinearity of TP and Alb, TP was excluded. The results revealed that CRP (HR 1.080 (95% CI 1.022-1.141); p = 0.006), LDH (HR 1.003 (95% CI 1.000-1.006); p = 0.037), and T-chol (HR 0.985 (95% CI 0.972-0.997); p = 0.018) were predictive factors for time until death. Receiver operating characteristic analysis was performed, and the cut-off values of the mortality-predicting continuous variables were calculated (Figure 1 ) as follows: CRP: 11.35 mg/dL (sensitivity, 80.4%; specificity, 52.6%); LDH: 384 U/L (sensitivity: 73.9%; specificity: 55.3%); and T-chol: 150 mg/dL (sensitivity: 61.0%; specificity: 74.2%). All patients were divided into four groups based on the obtained CRP and cholesterol cutoff values and compared for death. As shown in Table 5 , the group with low total cholesterol and high CRP had a poorer prognosis relative to that of the group with high cholesterol and low CRP. 
Discussion
AE-IPF accounts for 15% to 40% of IPF-related deaths [11, 12] . In the past, a patient was diagnosed with AE-IPF when the following criteria were met [13] : diagnosis of IPF has been made; dyspnea has worsened within the previous 30 days; gas exchange function has depressed, in that the PaO2/FiO2 ratio and/or arterial partial pressure of oxygen (PaO2) has been low; new alveolar lesions have developed; and other causative diseases, such as infection and heart failure, could be ruled out.
Single-center studies by Kataoka et al. and Sakamoto et al. reported 44 cases and 80 cases of AE-IPF in five years and 10 years, respectively [6, 14] . Thus, by comparison to such previous reports, the All patients were divided into four groups based on the obtained CRP and cholesterol cutoff values and compared for death. As shown in Table 5 , the group with low total cholesterol and high CRP had a poorer prognosis relative to that of the group with high cholesterol and low CRP. 
AE-IPF accounts for 15% to 40% of IPF-related deaths [11, 12] . In the past, a patient was diagnosed with AE-IPF when the following criteria were met [13] : diagnosis of IPF has been made; dyspnea has worsened within the previous 30 days; gas exchange function has depressed, in that the PaO 2 /FiO 2 ratio and/or arterial partial pressure of oxygen (PaO 2 ) has been low; new alveolar lesions have developed; and other causative diseases, such as infection and heart failure, could be ruled out.
Single-center studies by Kataoka et al. and Sakamoto et al. reported 44 cases and 80 cases of AE-IPF in five years and 10 years, respectively [6, 14] . Thus, by comparison to such previous reports, the number of patients in our study is indeed high. Our hospital is a tertiary care hospital with an advanced critical care center and accepts over 6000 ambulances a year. Therefore, it also received more AE-IPF patients than do other hospitals. Moreover, this study followed the AE-IPF criteria in 2016 and included patients with triggered AE. Many patients were also diagnosed with IPF at the time of hospitalization because patients who had never been diagnosed with or treated for IPF had often visited the emergency department prior to hospitalization. Hence, 40% of the whole population having been diagnosed at the time of hospitalization may be partly accounted for by the characteristics of our hospital.
The new diagnostic criteria proposed in 2016 widened the range of AE-IPF [8] , in that AE-IPF triggered by infection, surgery or drugs were included, regardless of whether IPF had been diagnosed previously. It has been reported that this triggered AE tends to involve more extensive opacity, and a shorter life expectancy than untriggered AE [15] , and it is possible that there are differences in progression between different types of AE-IPF.
In addition, among the patients who had already been diagnosed, only four patients used antifibrotic drugs, and many patients remained untreated. It is plausible that primary care physicians did not introduce antifibrotic drugs into the treatment of elderly patients in consideration of the drug's side effects and that non-specialists administered corticosteroids according to past recommendations, despite not corticosteroids but antifibrotic drugs having been recommended for IPF treatment.
Moreover, while anti-fibrotic drugs suppress the incidence of AE, the corticosteroid administration group exhibited an increase in the incidence of AE; this may account for the limited prescription of antifibrotic drugs in this study.
Previously, low forced vital capacity [1] , elevated AaDO2 [16] , elevated KL-6 levels, and pulmonary hypertension [17] have been proposed as risk factors for the onset of AE-IPF. The antifibrotic agent, nintedanib has been reported to exert suppressive effects on AE-IPF [18] and is expected to regulate IPF pathology. In addition, it has also been reported that pirfenidone administration reduced mortality after AE-IPF [19] , and improvements in prognosis are expected, although there was no inhibitory effect on AE-IPF onset by pirfenidone in a randomized study [20] .
The relationships between serological markers and AE-IPF were investigated in this study, and findings suggested that CRP, LDH, and T-chol might be predictive factors for in-hospital mortality after AE-IPF. KL-6, LDH, and CRP have been known to be mortality-predicting factors at AE-IPF onset [2, 3, 14] .
CRP is a protein that is produced by hepatocytes in response to stimulation by cytokines such as tumor necrosis factor-alpha, interleukin-1, and interleukin-6. During the chronic progression of interstitial pneumonia, it has been reported that a baseline CRP level associated with scleroderma was a long-term prognostic factor [21] , and that pirfenidone administration for IPF reduced the levels of inflammatory markers including CRP [22] , suggesting that there may be a relationship between the progression of interstitial pneumonia and serum CRP level. In the case of AE-IPF, there have been several reports that high serum CRP level was a prognostic factor, and Song et al. proposed serum CRP and bronchoalveolar lavage lymphocyte count as predictive factors for in-hospital death due to AE-IPF [1] . Furthermore, Kataoka et al. reported that administration of recombinant thrombomodulin and serum CRP level were correlated with the survival rate for 3 months after the onset of AE-IPF [14] . Findings from the present study support these previous studies, and it is considered that, even in relation to the new AE-IPF diagnostic criteria, CRP may be effective for AE-IPF prognosis and prediction.
It has been reported that elevation of serum LDH level in interstitial lung disease was a predictive factor for the onset of AE [23] and elevation of LDH in scleroderma lung might be a marker of pulmonary fibrosis [24] . In AE-IPF, LDH has been reported to be a predictive factor for survival [3] , and the association between interstitial pneumonia and LDH has been clearly demonstrated.
There have been virtually no reports addressing the relationship between serum cholesterol level and AE-IPF. Correlations between low serum cholesterol level and mortality rate are known in several diseases, and it has been reported that hypocholesterolemia was an independent mortality-predicting factor with malignant tumors [25] and that low-density lipoprotein cholesterol and T-chol were mortality-predicting factors in patients undergoing dialysis [26] . If hypocholesterolemia progresses in systemic diseases due to chronic exhaustion and is associated with mortality, a similar correlation between hypocholesterolemia progression and mortality can be explained in IPF patients. The present study demonstrated that T-chol at the time of AE-IPF onset has a relationship with a predictive factor for in-hospital mortality. The acute or chronic decrease in serum T-chol may be a prognostic marker for predicting the onset or the mortality of AE-IPF.
It may be difficult to predict the prognosis of AE-IPF by using a single biomarker because various causes contribute to the development of AE-IPF. It has previously been reported that hypolipidemia was a risk factor for respiratory tract infection; it impairs immune responses to lung infection, resulting in the development of respiratory tract infection [27] . Low total cholesterol is also reported to be a biomarker predictive of poor prognoses in patients with lower respiratory tract infections [28] . In this study, the median CRP, LDH, and total cholesterol in the deceased group were 11.57 mg/dL, 386 U/L, and 133 mg/dL, respectively (Table 2 ). These median values are similar to the cut-off value (Figure 1 ). The combination of these cut-off values may thus be useful to predict the prognoses in a single patient with AE-IPF. As shown in Table 5 , the group with low total cholesterol and high CRP had a poorer prognosis relative to that of the group with high cholesterol and low CRP; the former may reflect a poor prognosis due to severe infection-triggered AE-IPF rather than untriggered AE-IPF. Consistent with this supposition, experimental and clinical investigations have revealed that high levels of cytokines, such as CRP, decreased circulating cholesterol levels during severe infection [29] . Sepsis also decreases serum concentrations of total cholesterol and albumin [30] . Furthermore, multivariate analysis revealed that low total cholesterol (of less than 150 U/mL) featured poor prognostic value in AE-COPD patients [31] . Moreover, Chien et al. reported that non-survivors due to severe community-acquired pneumonia exhibited higher CRP level and lower serum HDL and LDL cholesterol levels [32] . Therefore, intensive, continuous antibiotic treatment in tandem with steroid-pulse therapy may help to promote a better prognosis of AE-IPF in the group with low total cholesterol and high CRP. Further prospective studies are required to clarify the significance of these biomarkers to the prediction of the prognosis of AE-IPF.
In addition to the presence of untriggered AE, this study included triggered AE caused by various factors, including infection and operation. Due to the heterogeneity among the pathologies of patients with AE-IPF, a single biomarker cannot reflect the various factors underlying the development of AE-IPF; hence, the AUC and specificity were relatively low.
There are a few limitations in this study. Because this is a small, single-center retrospective study, the study population may not represent the entire AE-IPF patient population. In particular, a few patients in this study were treated with antifibrotic drugs. The administration of antifibrotic drugs is currently standard for the treatment of IPF; future analyses should thus be performed with populations featuring a greater proportion of patients treated with antifibrotic drugs. In addition, we were able to analyze serological markers only at admission and could not, therefore, record continuous changes in the levels of serological markers. This study cannot confirm serial changes of serological markers during AE. Therefore, the results in this study should be confirmed in a large size and in a multi-center study. In this study, we obtained spirometry data of only part of IPF patients before the onset of AE-IPF. Many of the 50 cases diagnosed with IPF before hospitalization were followed up at the local clinic when the IPF was at a stable condition and hence we could not obtain the data regarding spirometry performed at the clinic; alternatively in some other cases, a follow-up spirometry was not adequate at that time due to AE-IPF onset. Follow-up of spirometry in IPF patients is crucial as low forced vital capacity is associated with the onset of AE-IPF [1] , and low diffusing capacity of lungs for carbon monoxide is also associated with death on AE-IPF [4] . Furthermore, it remains unclear whether infection-triggered AE-IPF with high serum CRP levels has a poor prognosis; since, in most of our cases, the presence of an infectious disease was not confirmed using serum procalcitonin levels or bacterial culture tests using bronchoalveolar lavage fluid. Therefore, further studies designed to detect infection-triggered AE-IPF and including follow-up of spirometry tests are required to confirm our results and to discover better biomarkers of AE-IPF. However, elevated CRP and LDH levels were consistent with previous reports describing a prognostic biomarker of AE-IPF defined prior to the definition by Collard et al. in 2016 [8] . Therefore, further prospectively designed studies should be required to confirm our results and may promote more confident predictive biomarkers of AE-IPF.
Conclusions
Our data suggest that CRP, LDH, and total cholesterol may be biomarkers predicting mortality in patients with AE-IPF. However, only prospective controlled studies can confirm or not our observation as a generalizable one. Funding: This research received no external funding.
